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Title : Cod uracil-DNA glycosylase, gene coding ttierefore, recombinant DMA 
conlaining said gene or operative parts thereof, a method for preparing said 
protein and llie use of said protein or said operative parts thereof in moniforiny 
5 or contrDliing PGR. 

Ffeld of Invention 

The present invention rslatee to a novel enzyme present in cod liver, s DNA 
sequence encoding the enzyme or operative - or biologically active parts 
10 thereof, a novel recombinant DNA comprising the gene or the operativfi parts 
thereof, a method of prepanng the enzyme from cod liver and from bacteria 
carrying the gene, the bacteria carrying the gene per se, and II le use of the 
protein In monitoring and/or controlling PGR or related nsacfiofi systems. 

1 5 Description of prior art 

Uracil in DNA may result from the incorporation of dUTP instead of dTTP during 
replication or from deamination of cytosine in DNA. The latter results in a 
mutation at the next round of replication. The enzyme Uracil-DNA giycosylase 
(UDG, EC 3.2.2.3) functiono as a repair enzyme for such damage to DNA In 
20 that the uracil base ie excised from the DNA backbone (Linda! il 1 994), creating 
an apyrimidinic $rte which is recognised by other DNA rftpair enzymes. This 
enzyme (s crucial to maintain DNA integrity, and has therefore been found in a 
variety of organisms; virus, prokaryotes and eukaryotes. 

25 Uracil-DNA glycosylase {UNG or UDG) catalyses the hydrolysis of the N- 
glycosylic bond between the dooxyribose sugar and the base iii uiacil- 
containing DNA, and was tiret isolated and characterized from Escherichia eo// 
(1). This ie the first step in the base excision repair (BER) pathway of removing 
uracil from DNA (2), and the apfymidinic aite generated is tl^ftif^Htter repaired by 

30 an AP endonuclease, phosphodiesterase, DNA polymerase arid DNA ligase 
(other enzymes) In the BER pathway (3-5). 
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Several classes of uracil-DNA glycooylasea (UDG) have been described. The 
major cellular form of UNG is UNG encoded by the UNG-gene (6). OUier 
classes comprises the cydin-like human UDG2 (7,8), single-atrand selective 
monofunctlcnal UDG SMUGI from human and Xenopus (9), G/TrU specific 
5 mismatch DMA glycosytase (MUG) rsolated from £ coli (10,11) and 
Themotoga nmrilima UDG (TIWUDG) (12). 

UNG is a monomeric protein, abuut 25-35 kD In size. It is not dependent of any 
cofactors or divalent cations and Is liighly conserved among different species 

10 (13), UNG is, however, affected by ionio strengtii. Ttie UNG enzyme has been 
shown to act in a prooeasive "sliding mechanism", where it locates sequential 
uracil-residues prior to dissociation from DMA (14,15), and a distributive 
"random hif mechanism (16). UNG has previously been isolated and 
characterised from rat liver (17-19), human cells and tiseues (20-28), calf 

16 thymus (29,30), fillme mold (31). yeast (32), plants (33,34), brine shrimp (35), 
procaryotes (1 ,36-45) and viruses (46,4/). 

In human and rat both a mitochondria and nuclear UNG have been Isolated 
(1 8,25). In human (and mouse) cells these Iwo are encoded by the same gene 

20 (UNG) (48,49). By two different transcription start sites and alternative splicing, 
two fonns are generated which differ only in the N-terminal signal sequence, 
which targets the enzyme to the nucleus (UN62) and mitochondria (UNG1), 
respectively (49). Recently, several studies have been done to further study the 
N-terminal signal sequence and targeting of UNG to the nucleus and 

25 mitocfiondria (50-52), revealing the nuclear UNG2 io be phosphorylatod (26). 
The crystal structures of UNG from human, herpes simplex vinis and £ ooli 
have been solved (53-65). The active site residues are ccnsen/ed and the 
mode of action in these enzymes se^i^ns to be the same with a nucleotide 
flipping mechanism to remove uracil from DNA (56,57). 

30 

Enzymes from cold adapted organisms, such as the Atlantic cod {Gadus 
moitiua), have to compensate for the reduction of chcmioal reaction rates at low 
ttttnperatures In order to maintain sufficient metabolic activiKos. This can be 



V \ 

3 

achieved by higher transcriptional/translational levels or improved catalytic 
efficiency (IWKm)- Higher catalytic elTicjencies can be reached by a more 
flexible structure, compared to their mesophiie uounterparts, which provides 
enhanced ability to undergo conformational dianges during catalysis. The 
5 reduced stability to pH, temperature and denaturing agents i» regarded as a 
consequence of the conformational flexibility (68). 

The present Invention concerns the purification and characterization of a heat- 
labile uraclI-DNA glycosylase from a cold-adapted organism, and which hae 

10 utility as an enzyme efficient In carry-over prevention in DMA-copying reactions 
(PGR. LCR etc.). The enzyme Isolated according to the present invention has 
similar characteristics as previously desctlbed UNGs with respect to molecular 
weight, isoelectric point, pH and NaCI-optimum. However, the enzyme 
according to the present invention has been shown lo be more pH-lablle and 

1 5 heat-labile and has a higher relative activity at low temperatures, compared to a 
recombinant mesophilic human UNG, making it a better candidate in carry-over 
prevention tests as indicated supra. 

UNG (or UDG) fi^om Eschertohia co/Zhas been commercially available for use in 
20 carry-over prevention when amplifying DNA material. 

Various techniques may be employed to amplify specific DNA sequences on 
basis of a DNA template. Common techniques are Uie polymerase chain 
reaction (PCR) system (US patent Nos. 4.683.195; 4,683.202; and 4.965.188), 

2S the ligase amplification system (PCT patent publication No. 89/09635), the self- 
sustained sequence replication system (EP No. 329.822 and PCT patent 
publication No. 90/06995), the transcriptton-based amplification system (PCT 
patent publicafion No. 89/01050 and EP No. 310.229) and the Qp RNA 
repltease system (US patent No. 4.957.858). These techniques are very 

30 sensitive in Itiat they may produce detectable DNA amounts from very few 
copies of a target DNA sequence. Accordingly the techniques are very 
sensitive to contamination by DNA from the environment 1 he major source of 
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contamination is products from previously peiformed up-scaling reacrfons, e,g. 
PCR reactions (50), 

To overcome this problem a method to discriminate between target DMA and 
5 contaminating DNA from prior reactions, e,g. PCR product DNA, has beerj 
developed (60). In essence, all amplffication roaotions are carried out using 
dUTP to replace dTTP thus incorporating uradl into DNA in place of thymidine. 
All subisequent reaction mixtures are then treated with UDG (or UNG), A 
following fieat treatment degrades the rontaminafing DNA by hydrolysis of the 
10 phospho diester bond at abasia sites. Also, the heat treatment is supposed to 
inactivate the UDG enzyme. 

However, the UDG (or UNG) enzyme from E. cotih not completely Inactivated 
by heat treatment, and the inactivation is not completely imeversible (60). This 
15 affects the upscaling reaction, e.g. PCR readiont product integrity, since the 
products are degraded by residual UDG enzyme activity, fn order to avoid this, 
the subsequent addition of enzyme inhibitor to UDG has been used (US Patent 
No, 5.536.649). 

20 It would however, be preferable to avoid using the subsequent inhibitor because 
this represents an extra step in the reaction procedure, residual contamination 
by the inhibitor may be present in subsequent reactions, and the purchase of 
inhibitor represents an extra cost when performing a PCR reaction as disclosed 
supra. 

25 

Tlius it would bfi preferable to use an UNG (or UDG) enzyme which is certain to 
be deslruyed/inacfivated by the heat treatment following the PCR reaction, thus 
avoiding the addition of specific chemical inhibitors for the UDG enzyme, 

30 Closer description of the figure3 

Figure 1 shows pi determination of Atlantic cod UNG (cUNG). Following the 
isoelectric focusing using Phast Gel lEF 3-9, the gel was cut in pieces of 2 mm. 
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Each piece was transferred to an eppendorf lube and incubated overnight at 4 
*C. Activity was then measured as desciibed in material and methods 

Figure 2 shovys product inhibition of cUNG with fi ee uracil. Different 
5 concantraii'ons of uracil waa added to the assay mixture and the assay 
peffcmr)0d as described in material and metiiods. 

Figure 3 shows inhibition of cUNG with the BaGillus $ubtili3 bacteriophage 
uracll-DNA glycosylase inhibitor (Ugi). 6.65 x 10"** U of cUNG was incubated 
10 with 1,25x10^ U to 2.00X10^ U of Ugi using standard assay conditions, as 
described in material and methods. One Unit of Ugi inhibit one Unit of UNG- 
activity^ where the UNG-activlty Is defined as releasing 60 pmol of uracil per min 
at 37^0. 

1 5 Figure 4 shows pH and NaCI optimum of cUNG, Activity of cUNG was 

measured with variable aodium chloride concentration in different pH*serfes, as 
described in material and methods. The percent UNG aotlvily is set relative to 
the highest value measured, pH 7,5 with 50 mlVI NaCI. 

20 Figure 5 shows temperature optimum of cUNG, Due to prolonged incubation of 
the &)zyme sample on Ice during the experiment, activity is corrected with 
respect to tiie stability of the eniyma, as described in material and methods. 

Figure 6 shows Teinpeiature profile of cUNG (a) and rhUNG (□). Enzyme 
25 activity was measured as described in material and methods. The percent UNG 
activity is set relative lo the highest value for cUNG (45*'CJ and rhUNG (50°C) 
respectively. Due to prolonged incubation of the enzyme samples on ice during 
the experiment, activity is corrected with respect to the stability of the enzymes, 
as described in material and methods. 

30 

Figure 7 shows pH stability of Atlantic cod UNG (oUNQ) and recombinant 
human UNG (rhUNG). In the different pH-buffers, 1 U of cUNG (A) or rhUNG (0) 
were incubated for 10 minutes at 37*^0. Then 5 jil aliquotes were transfered to 
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the assay mixture, and residual activity was measured using stendard assay 
conditions as described in materials and methods. One hundred percent activity 
was measured directiy from a sample diluted at pH 8.0 without any incubation 
step. 

5 

Figure 8 shows temperature stability of Atlantic cod UNG (cUNG) (A) and 
recombinant human UNG (rhUNG) (□). 

Enzyme (1 U) were incubated at SO'^C, Z7°0, 25^C and 4^C, and 5 \i\ aliquotes 
1 0 were transfen'ed to the assay mixture after different time intervals, and standard 
assays were performed as described in material and methods, HalWifes were 
determined to 0.5 min (50°C), 20 min (37^0). 60 min (25*C) and 2 h {4'*C) for 
cUNG and 8 min (50»C) , 30 min (37^0), 150 min (25*^C) and 2.9 h for 
rhUNG, 

15 

Figure 9 shows agarose gel showing PGR products from carry over prevenfion 
test using recombinant Cod UNG (rcUNG). Lane descriptions: lanes 1 and 8: 
DNA ladder; lane 2; T-containfng template, no UIMG; lane 3: T-containlng 
template. 17 x 10^ U rcUNG; lane 4: U-rantaining template, 4 y 10^ U rcUNG; 
20 lane 5: U-containing template, 1 J x lO""* U rcUNG: lane 6: U-contalning 
template, 4 x 10^ U £ ooli UNG; lane 7: U-containing template, no UNQ. 

Objects of the invention 

It is an object ot the present invention to provide a novel UNG (or UDG) enzyme 
25 which is functional in carry-over prevention techniques for DNA amplification 
reactions, e.g. PGR, indicated supra, and which is completely and in-evcreibly 
inactivated by the heat treatment nnntially pertonned in PGR reaction cycles. 

Furthennore it is an object of the piesent invention to provide a DNA sequence 
30 coding for such an enzyme or an active part thereof, a vwtur or vector system 
(e.g. a vIois, a plasmid, a cosmid, etc.) carrying such a DNA sequence and a 
micro organism induding such a vector 
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It IS also an object of the present invention to provide a method for efficfent 
production of the enzyme or an active part ttiereof by using genetic enginefiring 
techniques, 

S Detailed description of fho tnvantion 

Enzymes from cold adapted organisms living in oold habitats, such as the 
Atlantic cod {Gadus morhua), have to compensate the reduction of chemical 
reaction rates at low temperatures to maintain sufficient metabolic activities. 
This can be done by a higher transcription/translational level, or Improved 
1 0 catalytic efficiency (l^cat/Kw). This higher efficiency is reached with a more 
flexible structure, compared to tliefr rnesophile oounteiparts, which provides 
enhanced ability to undergo conforniational changes during catalysis. The 
reduced stability to pH^ temperature and denaturing agents is regarded as a 
consequence of the conformational flexibility (58), 

15 

In view of the disadvantages with contaminations of UDG aTOording to prior art 
in cairy-over prevention procedures when amplilying DMA sequences (PGR, 
LCR) it would btt very convenient to provide a UflG (or UNG) enzyme which 
was 100% degraded by simple heat treatment It has now been found that a 

20 UNG (or UDG) enzyme belated from cod has this valuable property. The cod- 
UNG enzyme isolated according to the present invention lias a similar 
molecular weight, isoelectric point, pH- and NaCI-optimum as previously 
described UNGs, but the present cod UNG is more pH- and heat-labile and has 
a higher relative attivity at low temperatures as compared to a recombinant 

25 mesophillc human UNG. 

The enzyme according to the present invention has uracil-DNA glycosylase 
acitivity and is completely inactivated when heated above about BO °c. It must 
be understood that this temperature treshold may vary within a range of » few 
30 degrees. 

Preferably the enzyme according to the invention has an amino acid sequence 
as shown in SEQ.tD.N0S:1 or 2, or a biologically fanctional part thei^of 
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The enzyme according to the present invention is preferably derived from an 
organism adapted to a cold environment, more preferably the organism is 
eukaryoric, and most preferably the organism is Atlantic cod. 

5 A HNA'Sequence encoding for the novel enzyme as defined in the patent claims 
is another aspect of the present invention. Preferably the DNA-sequence has a 
nucleotide sequence as given in the SEQ.ID.NOS, 1 or 2. 
The DNA sequence according to the present Invention Is preferably including a 
promoter and contained In an expression vector such as a plasrnid. a cosmid or 
10 a virus. 

Further aspects of the invention is a micro organism comprising the said DNA- 
sequence of the invention as set out in the claims and use of tfie enzyme in 
monitoring and/or controlling a reaction system multiplying DNA-sequences 
15 such as PGR or LCR. In particular the enzyme of the invention is used in a 
carry-over prevention procedure. 

Infm is disclosed an Isolation procedure tor the relevant cod UNO protein 
according to tiie invention, as well as Isolation of DNA coding tor this protein 
20 also its use in micro organisms fur producing recomblnantly the relevant UNG 
enzyme according to the invention, is disclosed. 

Example 1 

Extraction^ purification and characterization of codUNG (cUNG) 

25 

Purification of cUNG 

Hreparation of crude extract and all purification steps were performed at4'*C. 
The following materials were used; Q-sepharoee FF^ S-sepharose FF, Heparin 
sepharosfi HP (Hi-trap 5 ml), PoIy-U-sepharose 4B, Superdcx 75 HR10/30, 

30 Phast system and Phast lEF gels (3-9) and LMW gel filtration calibration kit 
were obtained from Amersham Pharmacia Biotech (Uppsala, Sweden). 
Deoxy[6-^M]uridine 6'-trlphosphate (19.3 Ci/mmol) was purchased from 
Amersharn {UK). Uraal-DNA glycosylase inhibitor (Ugi) was obtained from New 
England Diolabs (Beverly, MA), enzymes were pufcrfiased from Promega 

35 (Madieonp Wl). Protease inhibitors, calf-thymus DNA (D-1501), uracil. 
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deoxyuridine and deoxyuridine-ttiunaphosphate were purchased from Sigma 
(St Lo(3, MO), Al! other reagents and buffers were purchased frnm Sigma and 
Merck (Darmstadt, Gemriany), 

6 Preparation of crude exfract 

To 600 ml extract buffer (25 mM Tri5s/HCi, 100 mM NaCI. 1 mM FDTA, 1 mM 
DTT, 10% glycerol, pH 8.0 (25°C) 200 g of fresh cod liver was added and 
homogenized in an Atomix homogenizer (MSE. England). Before 
homogeniration, the following protease Inhibitor mix was added to the evtrart 
10 buffer 1 mM PMSF, liiM pepstatine, 1 leupeptine, 10 }iM TPCK and 10 
TLCK (final concentrations). The homogenate was centrifijged at 28.000 g for 
15 min and the eupernatant was filtered through glasswool. Finally glyoero! was 
added to 30 % (v/v), and the cod liver crude exfract was frozen at-70X. 

Q^epharose Fast Flow 

1 5 1 liter crude extract was diluted with 1 liter buffer A (25 mM Tris/HCI, 1 0 mM 
NaCI, 1 mM EDTA» 1% glycerol, pH 8,0) (Fraction 1). The sample was applied 
in two portions (1 liter each) on a Q-sepharose FF column (6,0/15), equilibrated 
with buffer A, and then washed with 250 ml buffer A, using a flow-rale of 10 
ml/min. Proteins bound to the column were eluted v^th 200 ml buffer A + 10 M 

20 NaCI, and the column was re-equilibrated with buffer A before the next part of 
the sample was applied, as mentioned above. T^e UNG-oontaining flowthrough 
and wash ffacitans from both two runs were pooled (Fraction 2, 2340 ml). 

S^epharose Fast Flow 
26 Fraction 2 was applied to a S-Sepharose FF column (1 .6/1 Q) equilibrated in 
buffer A, flow rate 10 ml/min. The column was washed with 300 ml buffer A + 60 
mM NaCI, and eluted using a 200 ml linear gradient of O.OQ-0.4 M NaCI in buffer 
A, flow-rate 5 ml/min. UNG-oontaining fractions were pooled (55 ml) and 
dialyzed overnight in buffer A (Fraction 3). 
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Heparine sepharose High Performance 

Fraction 3 was applied to a heparine sepharose HP Hi-Trap column (1.6/2.5) 
equilibrated in buffer A. The column was washed with 50 ml buffer A + 60 mM 
iMaCI and was eluted in a 60 mi linear gradient of 0.06-0.4 M NaC! in buffer A, 
flow-rate 1 ml/min. UNG-containing fractions were pooled (Fraction 4, 20 ml). 

Poiy-U sepharose (4B) 

Fraclion 4 was then diluted 5 times in buffer A, and applied to a poly-U 
sepharose column (1 .a/10} equilibrated in buffer A. i he column was washed 
with 60 ml buffer A + 80 mM NaCI and was eluted in a 200 ml linear gradient of 
0,06-0.4 M NaCI in buffer A, flow-rale Irnl/min. UNO- containing firactions were 
pooled (fraction 5, 70 ml). 

SuperdexTS 

Fraction 5 was concentrated to 200 ^il using UltrafreelS and Ultrafree-MC 
uitracentrifugatlon filters (Millipore), cutoff 6K, and applied on the gel filtration 
column (HR 1.0/30) equilibrated m buffer A, with a flow-rate of 0.5 ml/min.- 
Fractions (Zm fil) were collected, and those containing UNG -activity were 
pooled (fraction 6, 3 mi). 

Preparation of substrate by nick-translation 

•a 

l l-dUMP DMA was prepared by nick-transiation and polymerase chain reaction 
(PGR). The nid^'translated substrate was made in a total volume of 1 ml and 
contained 50 mM Tris/HCI, pH 72, 10 mlVI MgSOa. 1 mM DTT. 250 )jg calf 
thymus DNA (purified by phenol/clorofomi extraction and ethanol precipitated 
prior to use), 0.1 mM dATP, dCTP, dQTP and dUTP. where 3 pM of the dUTP 
was pH]-dUTP (19.3 Ci/mmol). Then 0.1 ng (5.35x10^ U) DNase I (bovine 
pancreas, Promega) was added and 30 seconds later 25 U of E. con DMA 
polymerase, and the nicl<-translation mn was incubated at 21''C for 24 hours. 
The nic(<-tran6lated DNA was purified by phenol/chloroform extraction, and 
ethanol precipitation. DNA was resuspended in 50 ul TE-bulTer and purified with 
a NAP-5 column (AP Biotech) equilibrated in TE-buffer (10 mM Tris/HCI, 1 mM 
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EDTA, pH 8,0) to remove unincorporated nucleotides. Specific activity of the 
nick-Dubstrate wa$ 1.8x10^ dpm/|xg (425 cprri/pmol). 

Preparation of oubatrate by PCR 

5 The PCR*produced eubstratc was used for all characterization experinients and 
consisted of a 761 bp fragment generated from cationic trypsinogen (sstrpIV) 
from Atlantic salmon {Salmo salar) (61). The PCR was carried out in a volume 
of 50 fjil in a Perkin Elmer Cetus thermocyclcr The PCR-mix contained 10 mM 
Tris/HCl, pH 8.3, 50 mM KCI, 6 mM MgCk. 0.37 mM dATP, dCTP, dGTP and 

1 D dUTH, where 1 0.4 of dUTP was f H]-dUTP (17,0 Ci/mmol, Amersham), 
700 pg template DNA (estrpIV In a pgem72i-vector), 2.5 \lM of upstream and 
downstream primers and 2 U Taq polymcraee (Roche, Switzerland). The PCR- 
reaction was done by 30 cycles of 94**Cfor 1 min, 45*C for 1 min and 72**C for 1 
min. Then an additional 2 U of Taq-polymerase was added and the PCR- 

1 5 reaction continued Wfth 30 new cycles as described. The PCR-3ubstrate was 
purified with QlAquick PCR-purification kit (Qiagen) as described by 
rnanuiacturer, and eluted In 5nx diluted FE-buffer, pH 8.0. Specific acSvity of 
tlie PCR-substrate was 5.9x10^ dpm/jjg (451 cpm/pmol). All characterization 
experiments were done using the PCR-substrate. 

20 

Detection of uracii^iNA glycosylaee activity (Standard assay] 
Uracil-DNA glycosylase activity was measured in a final volume of 20 fil, 
containing 70 mM Tris/HCI, 10 mM NaCI, 1 mM EDTA, 100 fig/ml BSA and 230 
ng nick-«ubstrate or 71 ng PCR-substrate, The reaction mixture was incubated 
25 10 min at 37^*0, and tenninaied witli Ifie addition of 20 \i\ of ice cold 55lngte 

stranded calf thymus DNA (1 mg/m!) and 500 \ii 10% (w/v) TCA. Samples were 
incubated on ice for 16 min, and centrifuged at 16,000 g for 10 min. 
Supematants wrih acid soluble ^H-uracil were analyzed using a liquid 
scintillation counter, 

30 

One unit of activity is defined as the amount of enzyme required to release 1 
nmoi of add soluble uracil per minute at 37«C. 
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Analyeis of assay products with thin layer chromatography 

Reaction products after assays were mixed with 20 nmol uracil, deoxyuridifie 
and deoxyuridine- monophosphate. Thin layer chromatography was perfonned 
5 according to the method by Wang and Wang, using polyamide layer plates 
(BDH), and tetrachloromethane, acetic acid and acetone (4:1:4, by volume) as 
solvent (62). Spots rimected under UV-light were cut out of the plate and 
radioaclivity measured In a liquid sclniniation counter. 

1 0 Moiecuiar^eight determination 

The molecular weight was detennined by gef-filtration. and was perfonried wiih 
a Superdex 75 column (1 .0/30) equilibrated in a buffer containing 25 mM 
Trie/HCI, tO M NaCI, 1 mM EDTA, 1 % glycerol, pH 8.0. The flow-rate was 0.5 
ml/min, and activity was measured in the fractions collected (250 ^1), Bovine 
1 5 seaim albumin (BSA, 67 kD), ovalbumin (43 kD), chymotrypsinogenA (25 kD) 
and nbonudeaseA (13.7 kD) were used as standards. Blue dcxtran and sodium 
chloride were used to determine void- (Vo) and intrinsic volume (Vi)» 
respectively. 

20 Protein determination 

Protein concentrations were determined with Coomassifi® Protein Assay 
Reagent Q-250 {Pierce, New York. NY) by the method of Bradford (63), with the 
microtitor plate protocol as described by manufacturer, using bovine semm 
albumin (BSA) as a standard, 

25 

teoelecfric point determination 

Isoelectric point detemilnation was done with the Phast-system, isoelectric 
focusing gel 3-9 and silver stained according to methods described by 
manufacturer. Standards used were phycocyanin (4.46, 4.66. 4.7S), §- 
30 lacfoglobulln B (5.10), bovine carbonic anhydrase (6.00), human carbonic 

anhydnase (6.50), equine myoglobin (7,00), human hemoglobin A (7.10), human 
hemoglobin C (7.50), lenlil lectin (7.8, 8,0, 8,2). cytochrome c (9.6). (lEF 
Standards pi range 4.45-9.6, BIO-RAD). After focusing, the gel was ait into 2 



m\ & AARFLOT A8 14? 2200]ni 



NQ.077G P. 14 



13 

mm pieces and each incubated in 250 \il extraction buffer (50 mWl I ris/HCI, 0,2 
M NaCI, 1 mM DTT, 1 rriM EDTA. 1 % (VA/) sJycsral, pH 8.0 overnight Aliquotes 
of 5 1^1 were transferred to Ihe assay mixture, and activity nriMsured using 
standard assay conditions, 

S 

Determination of pH/NaCI-optimuin 

Aeeays were done in a volume of 20 ^il as described in standard assay using 
the PGR generated substrate and NaCI concerrtratlon from 0-200 mM with 2S 
mM intervale, and pH ranging from 9.5-6.5 with 0.5 pH unit inteivals, AH buffers 
1 0 were supplamented with 100 ng/ml BSA and 1 mM EDTA, The buffers used 
were dlathanolamine/HCI (9.5-8,5), Tris/HCI (8.5-7.5) and MOPS/NaOH (7.5- 
6,5). All buffers were pH adjusted at 37**C and used in 25mM concentration in 
the assay. 

1 5 Ddtermination of temperature optimum 

Assays were done In a volume of 20 |xl as described in standard assay using 
the PGR generated substrate. The assay mixtures were as described in 
standard assay conditions and were adjusted to pH 8,0 for at| temperatures. 
The teniperature range used was 5*C to 60"C, The activity was measured in a 

20 sequential manner with 15 min intervals between each temperature. The 
enzymes used were diluted in standard dilution buffer (5 mM Tris/HCI, 10 mM 
NaCI, 1 % (v/v) glycerol, pH 8,0) and placed on Ice. Due to ttie instability of the 
enzyme sample on Ice over a prolonged period, results were oon'ected with 
respect to the stability of the enzymes incubated in dilylion buffer on ice. With 

25 the formula N(j) - cpm / o'"^^^ , where half-Jife (K) of cUNG and rhUNG are 2.0 
hours and 2,6 hours respectively. 

Effect of pH and temperature on stability 

nH: UNG (0.01 U) ym% preincubated (in a total volume of 75 for 1 0 min at 
30 37^ in buffers containing 10 mM buffer, 10 mM NaCI, 1 mM EDTA, 1% glycerol, 
with pH ranging from 9,5-6.5 with 0.6 pH unit intervals using 
diethanolamine/HCl (9,6-8.5), Tris/HCI (8.5-7.5), MOPS/NaOH (7.5-8,5) and 
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MES/NaOH (6.5-5.5) as buffer components. Aliquots of 5 ^il were transferred to 
the assay mixtures and residual activity was measured using standard assay 
conditions. 

Temperature : UNO (0.01 U) was preincubated (In a total volume of 75 fil) in 10 
5 mM Tri3/HCI. 50 mM NaCI. 1mM EDTA. 1% glycerol, pH 8,Q (adjusted at each 
temperature). After different time intervals, as Indicated in figure legends, 5 ^1 
aliquots were transferred to tlie assay mixtures and residual activity was 
measured using standard assay conditions. 

10 Substrate epecHlcHy againet as/da DNA 

PCR and niok-translatcd substrate was incubated 3 min at 100°C and thereafter 
rapidly cooled on ice to generate ssDNA. Following denaturaKon. the ssDNA- 
substrates were used in standard assay condition with 6.65 x 10"* U purified 
cUNG. Enryme activity was also measured using dsDNA substrates for both 

1 5 nick- and PCR-substrate, and used as references. 

Ugi inhibitor- and uracil product inhibition 

Activity measurements using PCR-substrate were performed with 6.65 x lo"* u 
of purified cUNG. Various concentrations of uracil (0. 1. 2 and 5 mM) or Ugi- 
20 inhibftor (1 ,25x1 0' U to 2.00x1 O^U) were added to the assay mixtures (on ice). 
Activity was then measured as described under standard assay conditions. 

RESULTS 

Purification Of cUI^G 

25 Atlantic cod UNG was purified 17,000 fold with a recovery of 2%, as shown in 
table 1. Despite tiie high purification factor ttie enzyme was only partly purified, 
as determined by SDS-PAGE. Also the yield was low. due to many purification 
steps, and the concentration of the dilute protein sample before the gel-flltratlon 
step. 

30 

Molecular weight and pl-determinatton 

The moleoular weight was determined by gel filtration to bo 25 kD ± 2, from 
three separate experiments. The Isoelectric point determination was done with 
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an lEF Phast Gel with lEF standards ranging from 4.42 - 9,C. Following lEF, 
cUNG activity was eluted from the gel fragments and activity measured as 
described in material and methods. cUNG activity oo-eluted with the 
cytochrome c. standard with an isoelectrio point of 9.6, as shown in figure 1. 
5 The cytochrome c and cUNG activity were found where the electrode contacted 
the gel, therefore we can only condude that the pi is langer than 0.0, vrfiich is 
the highest measurable value using this system. 

Substrate specificity 
0 oUNG activity was measured using both ssDNA and dsDNA. A 1 .8 and 1 .9 fold 
higher activity for asDNA than dsDNA was found using nick- and PCR- 
substrates, respectively, as shown in table 2. Assay products were analyzed by 
thin layer chromatography, and the major part of the radioactivity was identified 
as uracil. However, some radioactivity was also co-localized with the 
5 deoxyuridine marker, hut this could be due to the partial overlap of the two 
markers. In addition the purified cUNG did not exhibit any significant hydrolysis 
of hl-adenine-labelled DMA, therefore excluding nucleases as responsible tor 
hydrolyzing the DMA. 

Inhibition studies 

Product inhibilon by free uracil was examined, and gave more ttian 50 % 
inhibition with 1 mM uracil In the assay mixture, as shown in figure 2. Adding 5 
mM free uracil to the assay mixture, a 78 % inhibition of the activity was 
observed. The effect of Ugl on cUNG was measured by adding Ugi to the assay 
mixture. cUNG was dearly inhibited by Ugi. as shown in figure 3. 

pH and NaCI optimum 

The pH- and sodium chloride optimum was examined by measujing the 
enzyme-activity at different pHs using NaCI-conoentration from 0-200 mM, as 
shown in figure 4. The enzyme exhibited a broad pH-optimum. with maximal 
activity between pH 7,0-9.0. and 25-50 mM NaCI. A shift In NaCI optimum was 
observed, where the optimum NaCi concentration changed from low 
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concentrations at high pH to higher concentrations at low pH. At pH 9.5 cUNG 
was Inhibited by NaCi. 

Temperature optimum 

The temperature optimum of cUNG was detemiined to 41°C (figure S). To 
compare the activity of cUNG with the mesophilic rhUNG at low temperatures, 
enzyme activity was measured from 5-60 «C, and the activity at low 
temperatures compared to their respective optimum temperature (figure 6). The 
activity profile of these two enzymes showed little difference at 5-1 5°C. 
However at temperatures from 20-40''C, a higher relative activity was observed 
with cUNG than rhUNG, whereas at high temperatures (50-60"C) the opposite 
was observed. 

Stability 

The stability of the two UNG enzymes were compared by prelncubating the 
enrymes al different pHs. Atlantic cod UNG was shown to be most stable . 
between pH 7.0-8.5. At pH 5.5 and pH 10.0 If had less than 1 % residual 
activity. rhUNC was most stable between pH 7,0-8.5. At pH 5.5 3 % residual 
activity remained, but at pH 10.0, as much as 68% of the activity remained, as 
shovi/n in figure 7, The temperature stability of the two UNG-enzymes was 
compared at 4°C, 25*C, 37°C and 50»C. At SO'C, the half-life was detemilfied 
to be 0.5 min and 8 min for cUNG and rhUNG respectively. At all temperatures 
examined, rhUNG was more stable than cUNG. Half-lives determined were 20 
min {370C), 60 min (25«C) and 2 h (4«C) for cUNG and 30 min (37''C), 150 min 
(25»C) and 2.6 h (4»C) for rhUNG, but the largest difference in half-life was 
found at the highest temperature, as shown in figure 8. 

DISCUSSION 

Purification and molecular weight 

The uradl-DNA glycosylase firom Atlantic cod liver [Gadus mortiua) was purified 
17,679 fold using several chromatographic techniques. Still the enzyme was 
only partly purified, aa several other bands were seen on a SDS-PAGE gel. 
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Human nuclear and mithochondrial uracil-DNA glycosylases are shown to be 
generated by alternate epiicing, and have an ORf of 313 and 304 amino acids 
respectively (49 ). The molecular weight of cUNG was determined to 25 kD. 
This Is approximately the same molecular weight as determined for the UNG 
5 from human placenta (29kD) and the rhUNG (UNGA84) (27kD), which lacked 
77 and 84 of the first N-termlnal amino acids respectively, as predicted from the 
mithochondrial ORF (21 ,64). I his suggest that the N-temiinal signal sequence 
in tlie purified cUNG is processed or artificially cleaved during purification or 
that Atlanlio cod UNG does not have a N-Temninal signal sequence. During 
1 0 purification we did not see any sign of two different UNGs as previously 

described during purification of UNG from rat or human sources (18, 23). But as 
a vertebrate, one should expect that Atlantic cod possesses bcth a nuclear and 
a mitochondrial form of UNG, but so far no effort has been given lo recondle 
this matter. 

1 s Thfi uradl-DNA glycosylase from Atlantic cod was similar to other uracil-DNA 
glycosylases previously purified and characterized with respect to the high pi 
(15) and the two-fold preference to ssDNA than dsDNA (19). 

Inhibition by Ugi and uracil 

20 The Bacillus subUlis bacteriophage PBS2 UDG-inhibilor (Ugi) inhibits UNG by 
Ibmiing a stable complex with UNG at physiological conditions ), Ugi binds to 
human UNG by inserting a beta strand into the conserved DNA landing groove 
(67). and acts by mimicking DNA (68). This Indicates that the stmcture of the 
substrate binding site of cUNCS is similar to other UNGs inhibited by the Ugi- 

25 inhibitor. Inhibition with fr(% uracil was in agreement with values previously 
reported (19), 

Optimum conditions 

cUNG was shown to have a broad pH optimum fiom 7.0-9.0, and the activity 
30 was strongly affected by NaCI-concentratlon. The broad optimum activity is 
previously reported for several other UNGs characterized (23, 31, 40, 47). 
Interestingly the NaCI-optimum for cUNG increases aa pH decreases. It has 
previously been demonstrated that UNG funcfions in a processive manner at 
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low ionic strength, wliich involves that when NaCI-concentration increases, the 
enzyme switches to a distributive mechanism (14, ID). Howevei Purmal etal 
reported the opposite, that UNG acted in a distributive nriechanism at low ionic 
strength. The processlve mechanism is a common feature among several DNIA 
5 Interactive proteins (polymerases, repressors, restriction/ modification enzymes, 
DNA repair fin7.ymes), and the interactions are generally electrostatic in nature 
(67-71)1. In a UV-endonuclease from Micmcoccus luteus the proceesive 
mechanism has also been stiown to be pH-dependent (72). Hierefore we 
suggest that the sliifl in NaCI-qptimum with Increasing pH reflects the 
1 0 processive/distributive nature of cUNG. And il could be that the controversy in 
tho previous reports are also due to different buITer components and pH, In 
addition to the differences already discussed. 

The temperature optimum (41 "C) was found to be slightly lower than the 
1 5 mesophilic rhUNG (45»C) (64). The relative activity at temperature Prom S-AS^C 
was higher for cUNG than rhUNG. At temperatures higher than 45'C. rhUNG 
shows a higher relative activity than cUNG, presumably as a consequence of 
the low temperature stability of cUNG. 

20 Temperature and pH stability 

Enzymes characterized firom cold-adapiBd species have been found to be more 
temperaluie and pH-labile, proposed due to thfiir flexible structure in order to 
maintain enzymatic activity at low temperatures (73). cUNG was found to be 
both more pH- and temperature labile than the rhUNG, which are known 

25 features for other cold-adapted enzymes (73, 74). 

A psychrophilic UNG from a marine bacterium has previously been isolated, 
and was compared to E.coli UNG with respect to temperature stability (45). This 
procaryotic UNG had a half-life of 2 min at^lCC and 0.5 min at45*C. compared 
30 to 27 and 8 min for the E coh UNG. cUNG was compared to the rhUNG with 
respect to both temperature and pH stability. At SO'C rhUNG had a half-life of 8 
min, compared to O.S min for cUNG. At lower temperature the difference in half- 
life was less, although rhUNG was more stable than cUNG at all temperatures 
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examined. Both enzymes were shown to be labile at low pH, whereas at high 
pH rhUNG was more stable than cUNG. 



In conclusion, the uracil-DNA glycosylase from Atlantic cod was shown to be 
5 similar to other uracil-DNA glycosylases previously purified and characterized 
with respect to molecular weight, high pi, a broad pH-optimum and a two-fold 
preference to ssDIMA than risDNA. However the cUNG was shown to b© more 
temperature and pH-labile and has a higher relative activity at low temperatures 
than the mesophilic rhUNG. 

10 

Example 2 

Isolation of the uracil-DNA glycosylaise gene from Qadus /norhua 
The following materials were u$ed; Superscript™ II Rnase H" Reverse 
Transcriptase (Gibco BRL), Packagene® Lambda DMA packaging system was 

16 purchased from Promega (MadisoriWl), Deoxy[5-^H]urldlne 6 -triphosphate 
(17.0 Ci/mmol) was purchased from Amersha^Fi (England), expression vector 
pTrc99A was purchased from Amersham Pharmacia Biotedi (Uppsala, 
Sweden), restriction enzymes were purchased from New England Biolabs 
(Beverly, MA), SMARF" PCR cDNA Library Construction kit and Marattion"^ 

20 cDNA Amplification Kit were purchased from Clontech (Palo Alto, CA). 
EschBrichie ooli NR8052 [A(pn>tec), thi-, am, trpB9777, ung1] (75, 76) and 
purified recombinant human UNG (UNGA84) (64) was provided by Dl Hans E. 
Krokan, Institute for Cancer Research and Molecular Biology, Nonvegian 
Universfty of Science and Technology, 

25 

Isolation ofmRNA 

mRNA was isolated from 250 mg cod liver using Oligotex direct mRNA Midi kit 
(Qiagen). following the instructions in manufacturers protocol. 

30 Preparation of cDNA 

cDNA W93 made from 250 ng of the isolated poly A^ RNA using SMART^ PCR 
cDNA Library Constoiction kit (Clontech) according to the protocol 
recommended by the manufacturer. In brief, 1^^ strand cDNA was made by 
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combining 250 ng poly A+ RNA with 10 pmol SMART oligonucleotide {5- 
TACGGCTGCGAGAAGACGACAGAAGGG-S') and 10 pmol CDS/3' PGR 
primer (Olfgo{dT)30 N -1 N (N = A, G, C, or T; N -1 = A, Q. or C)) in a final 
volume of 5 fJ, and incubated at 72°C for 2 min and tlien placed directly on Ice 
5 for 2 min to denature the RNA. Then enzyme and buffer were added to the 
reaction mixture to a final volume of 10 ^1, consisting of 50 mM Tris/HCI, pH 8.3. 
6 mM MgCl2, 75 mM KCI, 2 mM DTT, 1 mM dATP, dCTP, dGTP and dTTP 
respectively and 200 U SuperScripP* II reverse transcriptase (Gibco BRL), and 
then incubated at 4Z°C for 1 h. Synthesis of 2^^ strand was done by PGR In a 
10 final volume of 100 containing 2 ^l of the 1^* strand reaction as template, 40 
mM Triclne/KOH pH 9.2 (25*C). 15 mM KOAc. 3.5 mM Mg(OAc)a, 3 75 ^ig/ml 
BSA, 0.2 mM of dATP, dCTP, dGTP and dTTP respectively, 1U Advantage 
cDNA Polymerase Mix (Cluntedi). 0-2 ^iM 5-PGR primer (5*- 
TACGGCTCCGAGAAGACGACAGAA-3') and CDS/3*-PCR primer respectively. 

15 

PGR amplification was done in a GencAmp 9700 thennocycler (Perkin Elmer), 
by SS^'C for 1 min followed by 16 cycles of 95°C for 15 sec and 68''C for 5 min, 

ds cDNA polishfngTo 50 ^1 of too amplified ds cDNA, 40 ng proteinase K was 
20 added and incubated at 46°C for 1 h. Proteinase K was inactivated by 
incubating the mi>rture at 90°C for 8 min. To blunt end the ds cDNA, 15 U of T4 
DNA polymerase was added and incubated at 10X for 30 min and 72*'C for 10 
min. Finally the ds cDNA was ethanol precipitated and resuspended In 10 jil 
H2O. All tubes were kept on ice if not otherwise staled, 

25 

Genoration of a 300 bp fragment of the cUNG-gene 

□generated oligonucleotide primere were designed from two conserved 
regioa<5 (GQDPYH and VFLLWG) from known UNG- amino acid sequences. 
Codon usage for Aflantic cod were also considered when designing the primers. 
30 The UNG fragment was generated by PGR with cod liver cDNA as template in a 
final volume of 50 \xl containing 10 mM Tris/HCI pH 9.0 (25<>C), 50 mM KCI, 
0.1% Triton X-100. 10 ng cDNA, 0.2 mM riATP, dCTP, dGfP and dTTP 
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respectively, 2.0 jxM upstream piiniei (5'-GGH-CAR-GAY-CCC-TAY^CA-3') and 
downstream primer {S'-DCC-CCA-SAG-SAG-RAA-VAC-ay reispectively and 
2,5 U Taq-polymerase (Promega). PGR was carried out by 94*^0 for 4 min, 30 
cycles of 94X for 1 min, 60'*C for 1 mIn and 72"C for 1 min, and a final 
5 extension step of 72*C for 5 min. 

The nucleotide symbols used are ae follows ; A=Adenine; C=Cytosine; G=Guanine; 
T=Thymine; D= A+G+T; R=A-^G; S=C4-G; V=A+C+ 6; Y=C+T 

10 DN A sequencing 

DNA sequencing was done with the Amersham Pharmacia Biotech Thermo 
Sequenace Cy5 Dye Terminator Kit, ALFexpress^" DNA sequencer and ALFwin 
Sequence Analyzer version 2.10. Gels were made with Reprogel^ Long Read 
and Reprosd UV-polymenzer. All items ware purchased from Amersham 
1 5 Pharmacia Biotech (Uppsala, Sweden). 

RACE procedure 

Ligation of adaptor© to cDNA wa^ done as described in the protocol from Ihe 
manufacturer. In brief, RACE-adaptore were ligated to cDNA in a total volume of 
20 10 |il containing 50 mM Trie-HCI (pH 7.B), 10 mM MgCfe, 10 mM DTT, 1 mM 
ATP. 0.75 fig cDNA, 2 \xU Marathon cDNA adaptor (Clontech), 400 U T4 DNA 
ligase. The reaction was incubated at 16*C for 18 h, and 5 min at 70^C to 
inactivate the ligaee. Before RACE, the adaptor ligated cDNA was diluted 50 
times in TE-bufFer and denatured at 100°C for 2 min and placed directly on ice, 

25 

The sequence deduced from the 300 bp fragment of the UNG-gene was used fo 
design two primers for both 3'- and 5'- rapid amplification of cDNA ends 
(RACE), with a small overlap region between the two fragments generated. 
Both 3 - and 5 -RACE reactions were done in a volume of 50 ^1 with 1 ^\ of 
30 diluted cDNA with RACE-adaptors as template, 0.2 pM internal 3 - (5' - 
TGTACCGACATTQATGGCTTCAAGCAT.3') or 5' - (5*- 
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CCCATCCGCTTAGATCTCCATGTCCAG-3') RACE primers, respectively, 0.2 
jiM API-primer (supplied by manufecturer)(5- 

CCATCCTAATACGACTCACTATAGGGC-3'). 40 mM Trfdne/KOH pH 9.2 
(20'C), 15 niM KOAc, 3.5 mM Mg(0Ac)2. 3.75 |ig/ml BSA, 0.2 mM of each 
6 dATP, dCTP, dGTP and dTTP and 1 U Advantage cDIMA Polymerase Mix 
(Clontech). Amplification was done in a GeneAmp 9700 thermocyder (Pericin 
Bmer), 94*0 for 30 sec followed by 5 cycles of 94»C for 5 sec and 72'C for 3 
min, 5 cycles of 94'C for 5 sec and 70°C for 3 min, and 20 cycles ot 94°C for 5 
sec and eS'CforS min. 

10 

(Individual bands were purified from an agarose gel, and used as template in a 
new PCR-reaction with the same conditions as above to generate more DNA.) 

isolation of two different UNG gene$ 

15 Both RACE-fragments generated were sequenced using their respective 
Internal RACb-prlmers. 

Examining the sequence of the S-RACE-fragment indicated a double sequence, 
dlflicult to read, near the 5'-end of the flragment. However at the end of the 
fragment only one sequence appeared, due to a long UTR In one of the UNG- 

20 sequences but not the other. A new prirner complementary to this 6*-end was 
designed (S'-ATGGAATTCGATTGAGATTGGCGCCTTTGG -3') and a new 
PCR-reaction was carried out with this, and the 5'-RACE intemal primer, with 
the 5'-RACE fragment as template. The PGR was earned out in a final volume 
of 50 lA with AO mM Tricinc/KOH pH 9.2 (25»C). 15 mM KOAc, 3.5 mM 

25 Mg(0Ac)2, 3.75 jig/ml BSA, 0.2 mM of dATP, dCTP, dGTP and dTTP 
respectively, 1U Advantage oDNA Polymerase Mix (Clontech), 10 ng cDNA as 
template and 0.2 nM upstream and downstream primers respectively. 
Amplification was done in a GeneAmp 9700 therniocyder (Perklri Elmer), 94'C 
for 1 min. followed by 30 cycles of 94''C for 30 sec, 60°C for 1 min and 72»C for 

30 1 min. 
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The fragment waa sequenced u$ing the internal RACE-prlmer, and thfi 
sequence was subtracted from the double sequence regiofi described above. A 
primer complementary to the 6p end of the underlying sequence was designed 
(consisting of bofri nucleotides from the SMART-sequence and the remaining 
5 UNG-seqiifincs), and a PCR-reaction with this and the internal 5-RACE-primer 
was carried out The new fragment was sequenced as described above. From 
the two different UNG-sequences in the 5'-RACE-fragm©nt, two final primcre 
(VJNQ1 and UNG2) were made tn isolate the full length UiviGI and UNG2, 
respectively, using cDNA as template and the same PCR-condiBons as 
10 described above. 

Consiruction of expression vectors 

The catalytic domain of the UNG-gene waa cloned in the expression vecloi 
pTrci99A, containing a strong trc promoter upstream of a multiple cloning site 

15 (77). Several dffferent constructs were made fay PCR-amplifying the gene using 
cDNA as template wltfi upstream and downstream primers containing EcoRI 
and Sal! restriction sites respectively. DNA-fragments were purified, digested 
with EcoRI and Sal! and ligated into the pTrc99A expression vector. In brief. 
PCR-fragments with restriction sites weie generated In a PCR-reaction (60 

20 containing 40 mM Tiiuine/KOH pH 9.2 (25X), 1 5 mWl KOAc. 3.5 mWl Mg(0Ac)2, 
375 ^g/ml BSA. 0.2 mM of dATP. dCTP, dQTP and dT I P respectively, 1U 
Advantage cDNA Polymerase Mix (Clontech), 10 ng cDNA as template and 0.2 
jiM upstream and downstream primers respectively- Amplification was done in 
a GeneArnp 9700 themfiocycter (Perkin Elmer), for 1 min followed by 30 

25 cycles of 94X for 30 sec, 60*C for 1 min and 72*C for 2 min, and a final 

extension step of 7?°C for 5 min. Individual bands ware purified from agarose 
gel, and used as t6mplat{=i in a new PCR-reacBon, with the same conditions as 
described above, to generate more DMA. DNA was purified using Quiaquick 
PGR purification kit (Millipore) as described by manufacturer, and eluted in TE- 

30 buffer, pJ I 0-0. Restriction en-^yrne digestion was done In a final volume of 30 \xl 
containing 1 pg insert DNA or 0.25 pg pTrc99A vector, B mM Tris/HCl, pH 7,9, 6 
mM MgOh, 150 mM NaCI, 1 mM DTT (BufferD, Promega) and 3U ot EcoRI and 
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Sail. The mixtures were incubated at 37''C for 3 h, followed by two times 
phenol/chloroform extraction, ethariol precipitlon and resuspendetl in 5 fil H2O. 
Ligations were perfoniied in a total volume of 10 fxl containing 50 mM rris-HCI 
(pH 7.8), 10 mM MgCb. 10 mM DTT, 1 mM ATP. 100 U T4 DMA llgase, 250 ng 
vector DMA and 1 ng Insert DNA. and incubated at lex for 16 h. 

Competent £ coA* JM105 (200 ^0 was transformed with llgaflon mixes and 
grown on LB+ plates containing 100 jig/ml ampicillln at 'iT'C. Plasmid DNA was 
reisolated from positive clones and transfomied in F. coli NR8052 used for 
expression of recombinant UNG. 

Four different constructs were made rcUNGA74 and rcUNGA74o and 
rcUNGA81 and rcUNGA81o where 74 and 81 of the N-termlnal amino acids 
were removed, respectively. These have the same length as the human a77 
and A84, respeutfvely (64), The A74o and the A8I0 nonstmcts have the codons 
encoding arginine 87 and 88 optimized for expression in E.co//, by changing 
them from AGA to CGT. All constructs were made by PGR as described above, 
ueing the following primera and twnplate : 

rcUNGA74 ; UDGL77 (5'- ACCATGGAATTCGCAAAAGCAACGCCTQCA- 3 ') 
and UDGEND2 (6'- 

GAGC I CGTCGACTTAGAGTGCCTCTCCAGTTTATAGG- 3')and 10ng cDNA 
as template. 

rcUNGA81 ; UDGL84 (5 - ACCATGGAA 1 1 CTTCGGAGAGACTTGGAGAAGA 
- 3 ) and U0GENi:}2 and 10 ng cDNA as template, 

rcUNGA74o: (5'- 

ATGGAATTCGCAAAAGCAACGCCTGCAGGTTTCGGAGA6AGTTGGCGTCG 
TCAG - 3") and UDGEND2 and 1 ng rcUNGASIo as template. 
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rcUNGASIo; (5*- 

ATGGAATTCTTCGGAQAGACTTGOCGTCGTGAGCTGBGTGC - 3) and 
UDGEND2 and 10 ng cDNA as template. 

5 Small scale expression of uracil-DNA glycosylase 

Optimization of expression wore done In II baffled erJenmeyer flasks with 100 
ml LB+ medium with 100 fig/ml amplcillln, inoculated with 5 ml of precuilure. 
Cells were induced with 1 mM of IPTG at OD600 = 2.0, and induced at various 
length as indicated in figure legends. Expression was examined using various 
ID temperatures (20''C, 25*0, SO'C and 37'C). 

The conditions above were also used to induce expression at various IPTG- 
concentratlons (1 mM. 0.5 mM, 0.1 mM and O.OImM). 

15 Fermentation conditions 

Fermentation was done in a 10 I Chemap CP 3000 fermentor (Switzerland). A 
200 ml preculture of E.coli NR8052 witti the pTrc99A oA84 construct was 
inoculated to 7 I of LB-medium supplemented with 20 mM glucose and 100 
ftg/ml ampicillin. Cells were grown to an ODGOO of 2,0 and Induced for 8 h with 

20 1 mM IPTG. Addrfa'onal glucose (3 x 50 ml of 20% glucose (W/v)) was 
supplemented during the fermentation to avoid glucose starvation. Cells were 
han/ested and centrifiiged at 10.000 g for 10 minutes. The cell paste was frozen 
at-70°C. 

2S Purification of recombinant cod UN6 
Crude extract 

From the femientatlon, 4 I of the E anii NR8052 cells (68 g wet weight) were 
resuspended in 400 nil of extraction buffer (25 mM Tris/HCi. 10 mM NaCI, 1 mM 
EDTA, 1 % glycerol, 1 mM D7T, 1 mM PMSF pH 8.0). The cells were disrupted 
30 by subjecting them five times through the Nebulizer using 100 psi of nitrogen. 
The extract was centrlfuged 25.000 g for 10 min, and the supernatant removed, 
rhe pellet was resuspended in 100 ml of buffer A, and re-centrifuged as 
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described above. The aupematants were combined a/iU filtrated through 
glasswool (460 ml). 

Protamine sulphate 

5 To the crude extract (460 ml), 60 ml of 2 % protamine sulphate in buffer A (25 
rnM Tris/HCI, 10 mM NaCI. 1 mM ED 1 A, 1 % glycerol, pH 8.0) was added and 
incubated at 4»C for S min with stirring. The solution was cenirifuged at 25.000 
9 Fur 10 min, and the supernatant was removed, 510 ml (fraction 1). 

10 Q/S-sepharose 

The protamine sulphate fraction was applied on a Q-sepharose column (b.oyiO) 
coupled with a S-aepharose column (2,6/10), botli equilibrated in buffer A. using 
a flow rate of 10 ml/min Then the columns were washed with 750 rnl buffer A, 
and the Q-sepharose column was then removed. The S-sepharose column was 

1 5 washed with an additional 550 ml buffer A + 60 mM NaCl, and a gradient of 60 
to 400 mlVI NaCI In buffer A was applied to elute the column, using a flow rate of 
5 ml/rriin. Fractions of 10 ml were colleaed, and tradions containing UNG- 
activity were pooled (fraction 2. 115 ml). 

20 Blue sepharose PF 

Fraction 2 was diluted two times in buffer A, and directly applied lo a blue 
sepharose column (1.6/6.0), with a flow rate of 4 ml/min. The column was then 
washed with 30 ml of buffer A and 60 ml of buffer A + 1 1 0 mM NaCI, and eluted 
with fiO ml buffer A + 0.7 M NaCI. UNG containing fractions were pooled 
25 (fraction 3, 24 ml). 

Superdex 75 

Fraction 3 was concentrated to 3 ml using a Ultrafree 15 unit, (Millipore) and 
applied to the superdex 75 column (2.6/60) equilibrated in buffer A + 0.15 M 
30 NaCI. A flow rate of 2 ml/min was used, and fractions of 0 ml were collected. 
Fractions containing UNG-actlvity were pooled (fraction 4, 30 ml). 
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Source 15Q 

The Superdex 75 fraction was diaflRrated in an Ultrafree 15 unit (Millipore) and 
approximately 2/3 of the Superdex 75 fraction was applied to the Source 15Q 
column (2.6/3.0) equilibrated in buffer A at room temperature. The column was 
S washed with 60 ml buffer A + 60 mM NaCI. and then a gradient from 60 to 210 
mM NaCI in buffer A was applied to elute the column. Fractions were collected 
on ice, and UNG-containing fractions were pooled (UNG-actlvity eluted between 
105 to 145 mM NaCI). 

10 RESULTS 

Nucelotide sequences ae well as ono-letter code amino acid sequences for 
CUNG1 and cUNG2, respectively are given in the enclosed Sequence listings, 
SEQ:ID:NOS 1 and 2. 

15 Expression 

Expression of rcUNG by the pTrc99A-A81o constnict in 7 liter scale 
fennentation yielded a lolal of 413,480 Units of rclJNG contained In the crude 
extract. 

20 Purification of recombinant cod UNG 

Purification of recombinant cUNG (A81o) (rcUNG) is summarized in table 1. 
From a 4 I of the femientation batch, 4.8 mg of recombinant UNG was purified 
to apparent homogeneity, and the molecular weight was detemnined to 28 kD 
by SDS-PAGE. The specific activity of the enayme was determined to 30,092 

25 U/mg using the nick-generated substrate with standard assay conditions. This 
preparation was found not to contain detectable levels of DNA-endodeoxy 
ribonucleases oi - exodeoxy ribonucleases according to standard methods. 
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Example 3 

Measurement of residual activity/redctivaiion after thermal inactivation 

1 1 .5 Units of rcUNQ (approximately 0.38 fig) in 50 pi "Taq-buffer" : (lOmM tris- 
HC( (pH=9.0 at 25 «C), 50mM KCI, 0.1% Triton X-100) was inactivated for ia 
5 min at 94 and divided into two equal parts. One part was kept at 4 

and the other part was kept at 25 before residual activity was measured at 1 
and 16 fiours after inactivation, using is \il undiluted inactivated mixture in a 
standard assay. Before inactivaiion, 2^1 was taken out and diluted 1:2000 
before measuring the activity (1Q0% control). I he results showed that the 

10 inactivated enzyme did not cause release of radio labelled uracil from If^e 
substn^le that was above the detection limit (blf^nk control + 2x standard 
deviation). At these conditiona, the 100% control would yield 7.000.000 cpm, 
while 2x background standard deviation was 46 cpm. Consequently, the 
residual activity of rcUNG was less than 0,0006% of iniliai activity after ttiemial 

1 5 inactivation at these conditions There v\as neither any significant reactivation of 
the enzyme after 16 hours at either 4 or 25 "C. 

The results show that rcUNG has no practical residual activity after Uiermal 
inactivation and that It does not reactivate. The enzyme rcUNG is therefore 
20 different from iho previously isolated UNG from Hie marine bacterium. BMTU 
(4S) which was shown to have a m^W degree of reactivation or residua) activity 
after thermal inactivation. 

Example 4 
25 Carry - over prevention 

It is tested whether cUNG is affective to degrade contaminating uracil- 
containing DMA in a carry-over prevention reaction. 

Method 

30 As a contaminant, 0.5 ng of uracil containing template DNA (761 bp fragment 
generated from cationic ftypsinogen from Atlantic salmon (Salmo salar) (61) 
was added to the PCR-mix in a final volume of 50 nl^ containing 10 mM Tris/I ICI 
pH 9.0 {25^C), 50 mM KCI. 0.1% Triton X-100, 10 ng cDNA, 0.2 mM dATP, 
dCTP, dGTP and dTTP respectively, 2-0 |liM upstream- (OPS) and downstream 

35 primer (NP2) respectively and 1 ,0 U Taq-polymeraso (Promega), UNG (4 x 1 0"^ 
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or 1 V X 10"^ U) was added to the PCR-mix and incubated at ambient 
tempfirature (RT) for 10 minutes. 

As negative controls, one POR reaction mixture contained template with 
5 thymidine replacing uracil, and In one mixture water replaced UNG. Also, as a 
poaitive control 1.7 x 10"^ U UNG from £ coZ/was used. Instead of rcUNG. 

Then PGR was earned out by 94''C for 4 inin, 30 cycles of 94*C Inr 1 min, 60"C 
for 1 min and 72**C for 1 min. After the PGR the products were analyzed by 
1 0 agarose gel electrophoresis. 

PGR primer sequences: 

OPS: 

6'-ICTCTCGAGAAAAGAGAGGCTGAAGCTCCCATTGACGATGAGGATGA-3' 

15 

NP2: 

G'-GTAGAATTCGGATCCATGTGTCCTCCAGTCTAGAI-3' 
Result 

20 The result of the experiment according to the example is shown in fig. 9. The 
uracil-containing templates were degraded by UNG in all PGR reactions while 
the reactions either without UNG or with thymine-containing t^nplates yielded 
the expected PGR product. The results in fig. 8 are shown as a figure of an 
agarose gel. The results show that rcUNG is effective to degrade contaminating 

25 uraoil-containing DNA In a PGR reaction. 
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Table 1: Purification of Attantic cod liver uracll-DNA giycosylase (rcUNG). 



Step 


Volume Activity* 


Totdl activnty 


Pmiftir oonc 


Total proWn 


Spodnc activfty 




Purfflcftlion fold 




(mi) 


(U/mO 


(U) 




(mg) 


(U/hig) 


{%) 




crude extract 


2Q00 


0.086 


172 


4, 


8000 


0^021 


100 


1 


Q-Sepiiaruac FF 


2340 


0.073 


UU 


1.56 


3884 


0.044 


99 


2 


s-sspharoM rr 


55 


1,796 


BS,S 


0,135 


SjW 


71.6 


58 


&4Q 


Hep^rlrt Sepharose 


20 


2,775 


G6,6 


0,081 


1,G2 


34.S 


32 


1597 


Poly-U Seoharose 


70 


O.Adfi 


51,2 


NDt 


ND 


NO 


16 


ND 


Superaex75 


3 


1,138 


3,41 


0,003 


0.009 


379 


2 


17S7$ 



a) Enzyme activity was measured as described under standard assay in 
material and meftoda using nick-substratei In Example 2. 

b) Protein concentration was determined as described in material and methods. 



5 c) Protein concentration was to low to detemnine. 

Table 2: Substrate epecificrty ssDNA versus dsDNA. 



Substrate 


cpm 


% activity 


Fold 


dsNick 


586 


54 


1.0 


ssNicit 


1078 


100 


1,8 


dsPCR 


1158 


52 


1,0 


asPCR 


2214 


100 


1.9 



The present results show for the first time isolation, and use In carry-over 
10 prevention in DNA copying reactions, of an UNG from a oold-adapted 

eukaryotic organism. The previously known UNG enzymes isobled from E^cofi 
(SO) or BMTU (45), for use in PGR reactions are of prokaryotic origin. 

The cUNG is completely inactivated when heated above 80 *C and the 
1 5 deactiviation is completely irreversible (as then© is no detectable residual 

enzyme after heat treatment). This quality makes uUNQ a better candidate as 
an enzyme for use in carry-over prevention in DNA-cop>^ng reactions (PGR, 
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LCR elc) compared to enzymes previously known in this field, as Ecoli UNG 
or UNG from BMTU, which were not completely and irreversibly inaotivated 
after tieat treatment Because of the complete and irreversible deactivation of 
cUNG by the heat treatment nomially perfonned In PGR reaction cycles there is 
5 no detectable residual enzymfi after heat treatment. Then there will be no 
unwanted degradation of the DNA product in the upscaling reaclion by residual 
UDG enzyme activity and ot course there will be no need to add enzyme 
inhibitor to avoid degradation of DNA by such residual UDG enzyme activity. 

10 It is shown that the recombinant cUNG (rcUNG) has the same 

qualities/function.*; as the cUNG Isolated from cod liver. Cod liver contains only 
small amounts of cUNG. When cUNG is produced recomblnantly, larger 
quantities of cUNG can be made compared to the amount of oUNG produced 
by extraction from cod liver. 
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